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(54) A fuel injection method and device for engines 

(57) This invention determines the output timing of 
the injection command signal to each of the injectors so 
that the fuel injection timing agrees with the basic target 
injection timing even when there are variations in the 
fuel injection timing among the injectors, and thereby im- 
proves the exhaust emission performance of the engine. 
The time T 2 of an intersection between the straight line 
Lp representing an average Pa of the common rail pres- 
sure before it starts to fall and the first-degree approxi- 
mation straight line Ld having a maximum inclination of 
fall of the common rail pressure is determined as the 
timing at which the common rail pressure starts to fall. 
Based on the time T 2 and the average pressure Pa, the 
delay time A Td which elapses from the output timing T 0 
of the injection command signal to each of the injectors 
to the actual fuel injection timing T 1 is calculated. The 
output timing T 0 for the injection command signal is de- 
termined as an instant the delay time A Td before the 
basic target injection timing Tb, which is determined 
from the operating state. 
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Description 

[0001] The present invention relates to a fuel injection 
method and device for engines which receives fuel from 
a common rail and injects the fuel from injectors into 
combustion chambers. 

[0002] As for the fuel injection control in engines like 
diesel engines, a common-rail type fuel injection system 
has been known which provides a high injection pres- 
sure and performs optimum control on injection charac- 
teristics, such as fuel injection timing and the amount of 
fuel injected, according to the operating condition of the 
engine. The common-rail type fuel injection system 
stores in the common rail a fuel pressurized to a prede- 
termined pressure by a fuel pump and then injects the 
stored fuel from injectors into corresponding combus- 
tion chambers. A controller controls the fuel pressure in 
the common rail and the operation of control valves for 
the injectors so that the pressurized fuel will be injected 
from each injector under optimum injection conditions 
according to the engine operating conditions. 
[0003] The conventional common-rail type fuel injec- 
tion system will be described by referring to Figure 7. 
The fuel is supplied to individual injectors 1 from a com- 
mon rail 2 through branch pipes 3 that form a part of the 
fuel passage. The fuel, which was pumped by a feed 
pump 6 from a fuel tank 4 through a filter 5 and pressu- 
rized to a predetermined intake pressure, is delivered to 
a fuel pump 8 through a fuel pipe 7. The fuel pump 8 is 
a plunger type which is driven by the engine to raise the 
fuel pressure to a high pressure determined by the op- 
erating condition of the engine and deliver the pressu- 
rized fuel through a fuel pipe 9 to the common rail 2. The 
fuel is then stored temporarily in the common rail 2 at 
the elevated pressure, from which it is supplied to indi- 
vidual injectors 1 . As many injectors 1 as the number of 
cylinders are provided in the engine. These injectors 1 
are controlled by a controller 12, an electronic control 
unit, to inject fuel supplied from the common rail 2 into 
the corresponding combustion chambers at optimum 
timings and in optimum amounts. Because the pressure 
at which the fuel is injected from the injectors 1 is almost 
equal to the pressure of the fuel stored in the common 
rail 2, the injection pressure is controlled by controlling 
the fuel pressure in the common rail 2. 
The fuel released from the fuel pump 8 is returned to the 
fuel tank 4 through a return pipe 10. Of the fuel supplied 
from the branch pipes 3 to the injectors 1 , the fuel that 
was not used for injection into the combustion chambers 
is returned to the fuel tank 4 through a return pipe 11. 
The controller 12 is supplied with signals from a variety 
of sensors for detecting the engine operating condition, 
which include: engine cylinder determination and crank 
angle sensors for detecting an engine revolution speed 
Ne; an accelerator opening sensor for detecting the 
amount of accelerator operation Acc; a water tempera- 
ture sensor for detecting the cooling water temperature; 
and an intake pipe inner pressure sensor for detecting 



the inner pressure of the intake pipe. The controller 12, 
based on these signals, controls the fuel injection char- 
acteristics of the injectors 1 , i.e., the fuel injection timing 
and the amount of fuel to be injected so that the engine 

5 output will become optimum for the current engine op- 
erating condition. The common rail 2 is provided with a 
pressure sensor 13 which detects the fuel pressure in 
*the common rail 2 and sends the detection signal to the 
controller 12. The controller 12 controls the amount of 

10 fuel delivered from the fuel pump 8 so that the fuel pres- 
sure in the common rail 2 is restored to a predetermined 
pressure after the common rail pressure has fallen as a 
result of fuel consumption from the common rail 2 for 
injection from the injectors 1 . 

75 [0004] The conventional common-rail type fuel injec- 
tion system controls the fuel injection pressure to a tar- 
get value according to the engine operating state and at 
the same time calculates injection characteristics corre- 
sponding to the operating state, i.e., the amount of fuel 

20 to be injected (determined by the fuel injection pressure 
and the fuel injection period) and the fuel injection tim- 
ing, and controls the operation of the injectors according 
to the calculated results, thereby realizing the fuel injec- 
tion characteristics conforming to the engine operating 

2S state. The common rail pressure that determines the in- 
jection pressure is raised by the fuel pump and control- 
led to a predetermined injection pressure by a pressure 
control valve (see Japanese Patent Publication No. 
60020/1985 for example). 

30 [0005] In the common-rail type fuel injection device, 
the controller sends a command pulse as an injection 
command signal to each of the solenoid valves of the 
injectors, and a needle valve is lifted by a solenoid that 
is energized in response to the command pulse to open 

35 nozzle holes provided at the nozzle end of each injector 
to inject fuel. It should be noted, however, that there is 
normally a time lag from the instant that the controller 
issues a command pulse to the solenoid valve to the 
instant that the fuel actually starts to be injected from 

40 the nozzle holes of the injector. This time lag results from 
a response delay present in a drive circuit, i.e., a delay 
after the command pulse has been issued from the con- 
troller to the solenoid until the solenoid is actually ener- 
gized, and a mechanical delay after the solenoid has 

45 been energized to lift the needle valve until the fuel is 
injected from the nozzle holes. Further, even if the tim- 
ings at which to turn on the command pulses from the 
controller are the same, the fuel injection start timings 
may differ from one injector to another because of var- 

50 iations among individual injectors and among cylinders 
(e.g., difference in distance between the pressure sen- 
sor and the injector). 

[0006] The conventional fuel injection device for en- 
gines deals with such a time lag by taking it to be a fixed 
55 delay and not considering variations of the time lag. 
Hence, changes over time of the time lag and variations 
among individual injectors combine to prevent optimum 
combustion of fuel, causing deterioration of the exhaust 
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emission performance and also engine vibrations due 
to differences in the combustion timing among cylinders. 
[0007] The method and device for detecting fuel in- 
jection timings, disclosed in Japanese Patent Laid- 
open No. 210174/1996 and intended to determine pre- 
cise fuel injection timings in a diesel engine, performs a 
sequence of steps which involve monitoring a pressure 
in the fuel pipe connecting a fuel injection pump of the 
diesel engine and the fuel injection nozzles, detecting a 
first fall in the monitored pressure of a magnitude greater 
than a predetermined value after the monitored pres- 
sure has reached a predetermined high pressure value, 
and then determining a pressure fall start timing to be a 
fuel injection start timing. The above-described method 
and device for detecting the fuel injection timing, how- 
ever, concerns a fuel injection system using a distribu- 
tion or column type pump that distributes fuel to the in- 
jectors, and is not intended for application to the com- 
mon-rail type fuel injection system. That is, the type cf 
the system for which the above method is intended dif- 
fers from the common-rail type fuel injection system un- 
der consideration in this invention. 
[0008] The aim of this invention is to provide a fuel 
injection method and device for the common-rail type 
fuel injection system in engines, which takes advantage 
of the fact that the common rail pressure, which is mon- 
itored, falls according to the amount of fuel injected by 
the injectors, and which, even when there are variations 
in the fuel injection timing among the injectors, can pre- 
cisely determine the timing at which the injectors have 
actually started injecting fuel based on the timing at 
which..the monitored common rail pressure started fall- 
ing. 

[0009] This invention relates to a fuel injection method 
for engines which comprises the steps of: storing fuel 
delivered by a fuel pump in a common rail; injecting the 
fuel from the common rail into combustion chambers 
through nozzle holes formed in injectors driven by an 
injection command signal; selecting a basic target injec- 
tion timing corresponding to a present engine operating 
state from among predetermined basic target injection 
timing data as related to engine operating states; deter- 
mining, by using a predetermined function having as 
variables at least a timing after the start of fuel injection 
at which the common rail pressure starts to fall, an in- 
jection delay time that elapses from an output timing of 
the injection command signal to a fuel injection timing 
at which the fuel injection from each of the injectors is 
started; and determining the output timing of the injec- 
tion command signal from the basic target injection tim- 
ing and the injection delay time. 

[0010] This invention also relates to a fuel injection 
device for engines which comprises: a common rail to 
store fuel delivered by a fuel pump; injectors having noz- 
zle holes formed therein through which the fuel supplied 
from the common rail is injected into combustion cham- 
bers; operating state detection means to monitor the op- 
erating state of the engine; a pressure sensor to monitor 



the pressure of the common rail; and a controller to out- 
put an injection command signal to each of the injectors 
and select a basic target injection timing corresponding 
to a present engine operating state from basic target in- 
5 jection timing: wherein the controller determines, by us- 
ing a predetermined function having as variables at least 
a timing after the start of fuel injection at which the com- 
mon rail pressure starts to fall, an injection delay time 
that elapses from an output timing of the injection com- 
io mand signal to a fuel injection timing at which the fuel 
injection from each of the injectors is started, and also 
determines the output timing of the injection command 
signal from the basic target injection timing and the in- 
jection delay time. 
is [0011] Using a graph with time and the common rail 
pressure as coordinate axes, the timing at which the 
common rail pressure starts to fall due to fuel injection 
is determined as a time coordinate of an intersection be- 
tween a straight line approximating a common rail pres- 
sure falling curve before reaching a first minimal value 
and a straight line approximating the common rail pres- 
sure before the start of the fuel injection. The timing at 
which the common rail pressure starts to fall due to fuel 
injection is difficult to detect with precision. Hence, using 
a graph having time and the common rail pressure as 
coordinate axes, the curve representing the change 
over time of the common rail pressure is approximated 
by two straight lines - a line approximating the common 
rail pressure before it starts to fall and a first-degree re- 
gression line at a point (inflection point) on the curve 
having a maximum inclination of pressure fall - and the 
time coordinate of an intersection of these two lines is 
determined to be the timing when the common rail pres- 
sure starts to fall. The use of this determined timing at 
which the common rail pressure starts to fall does not 
pose any practical problem in determining with experi- 
ments the injection delay time that elapses from the in- 
jection command output timing to the fuel injection tim- 
ing. 

[0012] The common rail pressure approximating 
straight line before the start of fuel injection is deter- 
mined as an average value of the common rail pres- 
sures in a predetermined period ranging from the output 
timing of the injection command signal to a point before 
the timing at which the common rail pressure starts to 
fall. In the predetermined period ranging from the output 
timing of the injection command signal to a point before 
the timing at which the common rail pressure starts to 
fall, the common rail pressure has yet to start falling. For 
each fuel injection of the injector, the sampled values of 
the common rail pressure detected during this period 
are averaged to determine a fixed common rail pressure 
before the pressure starts to fall due to fuel injection. 
Hence, the common rail pressure approximating line be- 
fore the start of fuel injection is a straight line having the 
averaged value on the common rail pressure coordinate 
and extending parallel to the time axis. 
[0013] Further, the injection delay time from the out- 
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putting of the injection command signal to the fuel injec- 
tion timing is calculated for each injector. The variation 
among cylinders, i.e., the difference among cylinders in 
the distance from the pressure sensor for detecting the 
common rail pressure to the injector nozzle holes affects 
the pressure change propagation time. The variation 
among the cylinders includes variations among individ- 
ual injectors and branch pipes. 

[0014] As described above, the present invention de- 
termines the injection delay time, which elapses from 
the output timing of the injection command signal to the 
fuel injection timing, according to the predetermined 
function by using at least the common rail pressure be- 
fore the fuel injection starting and the timing at which 
the common rail pressure starts to fall after the fuel in- 
jection starting. Based on the basic target injection tim- 
ing and the injection delay time, the output timing ol the 
subsequent injection command signal is determined. 
[0015] That is, the timing at which the common rail 
pressure begins to fall is calculated from the data ol the 
common rail pressure detected by the pressure sensor. 
Based on the calculated timing at which the common 
rail pressure starts to fall and the common rail pressure 
immediately before the fuel injection starts, the time 
which elapses from the moment when the injection com- 
mand signal was output to the moment when the fuel 
actually starts to be injected (injection delay time) is de- 
termined by the predetermined function. The timing at 
which to output the injection command signal to each of 
the injector is determined from the basic target injection 
timing-which was obtained as an optimum injection tim- 
ing from the engine operating state such as accelerator 
pedal depression amount and engine revolution speed 
- and also from the injection delay time calculated as 
described above. 

[0016] Hence, even when there are changes with time 
in the ability to respond to the injection command signal 
for each of the injectors or variations in the fuel injection 
timing among the injectors, the actual fuel injection is 
initiated at a basic target injection timing, which is an 
optimum fuel injection timing in terms of exhaust emis- 
sion performance and output performance. Hence, im- 
provements are made of the exhaust emission perform- 
ance and the output performance. 
[0017] In the conventional fuel injection devices which 
regard as constant the injection delay time which elaps- 
es from the output timing of the injection command sig- 
nal to the actual fuel injection timing, there are always 
variations in the fuel injection start timing of even the 
same injector due to changes with time and also among 
individual injectors when the engine has two or more cyl- 
inders even when the output timings of the injection 
command signal are set equal. Thus, combustion timing 
variations among different engines and, even in the 
same engine, among different cylinders that perform 
successive combustion result in a deteriorated exhaust 
emission performance and engine vibrations. 
[0018] On the contrary, this invention ensures that 



each of the injectors can always perform the actual fuel 
injection at the optimum basic target injection timing, 
thereby preventing deterioration of the exhaust emis- 
sion performance of the engine and its vibration. 

5 [0019] This invention does not require a novel pres- 
sure sensor for determining the fuel injection start timing 
but utilizes the existing pressure sensor for detecting the 
common rail pressure mounted in the common rail and 
processes the detected information to determine the fu- 

10 el injection start timing. Therefore, in the fuel injection 
system using a distribution or type pump for example, 
an additional pressure sensor is not required as a new 
component for each pipe connecting the fuel injection 
pump and the individual injectors, thus preventing in- 

is creases in the number of parts and in the manufacturing 
cost due to increased parts count. A further feature of 
this invention is that, compared with the system that ob- 
tains information for detecting the fuel injection timing 
by comparing the pressure of the fuel pipe connecting 

20 the fuel injection pump and the fuel injection nozzles 
with a predetermined pressure (threshold value), the 
system of this invention can deal with large changes in 
the common rail fuel pressure caused by the operating 
state of the engine. 

25 [0020] Embodiments of the invention will now be de- 
scribed, by way of example only, with reference to the 
accompanying drawings, in which:- 
[0021 ] Figure 1 is a graph showing changes over time 
of a command pulse (injection command signal), a fuel 

30 injection rate and a common rail pressure in the com- 
mon-rail type fuel injection system. 
[0022] Figure 2 is a flow chart showing a main 
processing of the fuel injection according to this inven- 
tion. 

35 [0023] Figure 3 is a flow chart showing an interrupt 
processing triggered by the cylinder determination sig- 
nal in the execution of the flow chart of Figure 2. 
[0024] Figure 4 is a flow chart showing a main 
processing of DSP to calculate an injection delay time 

40 in the execution of the flow chart of Figure 3. 

[0025] Figure 5 is a flow chart showing a 100-kHz in- 
terrupt processing to buffer data on the common rail 
pressure to calculate the injection delay time in the ex- 
ecution of the flow chart of Figure 3. 

45 [0026] Figure 6 is a flow chart to calculate the injection 
delay time from the common rail pressure data buflered 
by the execution of the flow chart of Figure 5. 
[0027] Figure 7 is a schematic diagram showing a 
common-rail type fuel injection system. 

so [0028] Now, by referring to the accompanying draw- 
ings, embodiments of the fuel injection method and de- 
vice for engines according to this invention will be de- 
scribed. 

[0029] The common-rail type fuel injection system 
55 shown in Figure 7 may be used as a fuel injection system 
for this invention. The constitutional elements of this 
system are assigned the same reference numerals as 
those shown in Figure 7 and their repetitive explanations 
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are omitted. 

[0030] • Changes over time of the command pulse, the 
fuel injection rate and the common rail pressure will be 
explained by referring to the graph of Figure 1 . 
[0031] In each cylinder n, when the command pulse s 
is turned on at a time T 0 (the timing at which an injection 
command signal is issued) before a top dead center the 
injector 1 starts injecting fuel with a delay time A Td at 
a fuel injection time T v The actual pressure Pf of the 
common rail 2 (common rail pressure) does not fall im- io 
mediately after the fuel injection from the injector 1 has 
started but starts falling with some delay. When the pres- 
sure^ensor 1 3 detects a fall in the actual pressure Pf of 
the common rail 2, the fuel pump 8 is controlled to supply 
fuel to recover the pressure in the common rail 2. In a is 
predetermined initial period A Ta of the delay time A Td, 
variations of the actual pressure of the common rail 2 is 
small. By taking the average of the pressures during this 
initial period, the average common rail pressure Pa be- 
fore the fuel injection can be determined. From the op- 20 
erating state of the engine, a target injection timing com- 
mand value A Tb as measured retrospectively from the 
top dead center is determined and a basic target injec- 
tion timing Tb is set. The delay time A Td is determined 
from the average pressure Pa and the common rail pres- 2s 
sure fall start timing. From the delay time A Td, an output 
timing To for the injection command signal (command 
pulse) is determined. 

[0032] The target injection timing command value A 
Tb is a command value to determine the basic target 30 
injection timing Tb at which the actual fuel injection 
should desirably be started, and is expressed as a 
length of time measured retrospectively from the top 
dead center. The target injection timing command value 
is mapped in relation to the engine operating states be- 35 
forehand. When the fuel injection timing control is prop- 
erly performed, the fuel injection timing T, agrees with 
the basic target injection timing Tb. An injection timing 
command value A Tc is a command value to determine 
the output timing T 0 for the injection command signal to 40 
the injector 1 and is expressed as a length of time meas- 
ured retrospectively from the top dead center. Further, 
the delay time A Td is a delay from the moment when 
the injection command signal is output to the start of the 
actual fuel injection, and exhibits different values for dif- 45 
f erent injectors (When it is to be particularly emphasized 
that the delay time varies from one injector to another, 
the delay time is expressed as A Td(n) to indicate that 
it depends on the cylinder number n). 

[0033] Referring to the flow chart of Figure 2, the main so 
processing of fuel injection will be explained. The main 
processing used for the controller that controls the fuel 
injection into the engine is interrupted at appropriate in- 
tervals. 

55 

(1) An engine revolution speed Ne is calculated 
from pulses generated by a revolution speed detec- 
tor mounted on the output shaft of the engine as the 



engine is operated (step S1). 

(2) An accelerator pedal depression amount Acc is 
calculated from a signal generated by an accelera- 
tor pedal depression sensor (step S2). 

(3) A basic fuel injection amount is calculated from 
the engine revolution speed Ne detected by step S1 
and the accelerator pedal depression amount Acc 
detected by step S2 according to the map, which 
was tuned up beforehand to provide appropriate ex- 
haust emissions, engine output and driving comfort 
(step S3). 

(4) The target injection timing command value A Tb 
as measured retrospectively from the top dead 
center is determined from the engine revolution 
speed Ne detected by step S1 and the accelerator 
pedal depression amount Acc detected by step S2, 
and then the basic target injection timing Tb is cal- 
culated (step S4). The basic fuel injection amount 
calculated by step S3 may be used instead of the 
accelerator pedal depression amount Acc delected 
by step S2. 

(5) The actual pressure of the common rail, i.e., the 
common rail pressure Pf is calculated based on a 
signal generated by the common rail pressure sen- 
sor 1 3 (step S5). 

(6) By using the engine revolution speed Ne detect- 
ed by step S1 and the basic fuel injection amount 
calculated by step S3, the target pressure of the 
common rail 2, i.e., the target common rail pressure 
Pf 0 , is calculated that is required to obtain the cal- 
culated basic fuel injection amount (step S6). 

(7) The controller 12 controls the variable displace- 
ment fuel pump 8 so that the common rail pressure 
Pf detected by the step S5 agrees with the target 
common rail pressure Pf 0 . The above sequence of 
steps is repetitively executed during the operation 
of the engine. 

[0034] Next, the interrupt processing by the cylinder 
determination signal will be explained by referring to the 
flowchart of Figure 3. The cylinder number is represent- 
ed by n. 

(1 ) The injection timing command value A Tc is cal- 
culated from the following equation using the target 
injection timing command value A Tb calculated by 
step S4 and measured retrospectively from the top 
dead center and the delay time A Td(n) for the cyl- 
inder n determined from a flow chart described later 
(step S10). 

A Tc = A Tb + A Td(n) 

where A Td(n) is a positive value that can vary from 
cylinder to cylinder. By adding A Td(n) determined 
by a method described later to the target injection 
timing command value A Tb, which is calculated 
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from the engine revolution speed Ne and the accel- 
erator pedal depression amount Acc and defined to 
be measured backward from the top dead center, 
the timing T 0 at which to issue the injection com- 
mand signal from the controller 12 is determined 
which is a timing the injection timing command val- 
ue A Tc before the top dead center. 

(2) The fuel injection amount is corrected (step 
S1 1 ), which is necessitated by the fuel injection tim- 
ing being corrected. 

(3) The fuel injection amount corrected by step S11 
is converted into a width of the command pulse as 
an injection command signal (step S1 2). That is, the 
width of the command pulse that is applied to the 
solenoid of the injector 1 and which defines the pe- 
riod during which the solenoid valve is open is de- 
termined. 

(4) The actual fuel injection is executed and the 
command pulse timing and width are written into the 
output register (step S13). 

[0035] As described above, when a cylinder determi- 
nation signal is detected at a predetermined timing be- 
fore the top dead center on the power stroke, the above 
interrupt processing is executed for each cylinder (n). 
When the injection is finished, the program returns to 
the main processing of Figure 2 where it was running 
before it jumped to the interrupt processing. 
[0036] Next, by referring to the flow chart of Figure 4, 
the main processing performed by the digital signal 
processor (DSP) to calculate the injection delay time A 
Td(n) referred to in step S10 will be explained. 
[0037] The DSP is employed to perform processing 
in parallel with CPU because the amount of data to be 
buffered in calculating the injection delay time is large 
and calculations are required to be performed in a short 
processing time. If a sufficiently fast CPU is used, how- 
ever, the parallel processing by DSP is not necessary. 

(1) Variables to be handled are initialized (step 
S20). 

(2) The DSP is initialized and the DSP interrupt 
processing is set (step S21 ). 

(3) A check is made to see if data required to cal- 
culate the injection delay time A Td(n) is buffered or 
not (step S22). This decision is made based on the 
state of a data buffering completion flag Flag 2. The 
Flag 2 is set during the course of a 1 00-kHz interrupt 
processing described later. If the data buffering is 
finished, the program proceeds to step S23. If not, 
the program waits until the data buffering is finished. 

(4) The injection delay time A Td(n) is calculated 
(step S23). The details of the calculation process 
will be explained later by referring to the flow chart 
shown in Figures 5 and 6. 

(5) The data buffering completion flag (Flag 2) is 
cleared (step S24) and the program waits until the 
data required for calculating the next injection delay 



time A Td(n) is accumulated. 

[0038] Next, by referring to the flow chart of Figure 5, 
the 1 00-kHz interrupt processing will be explained. The 

5 value of the common rail pressure Pf is buffered at 
1 00-kHz intervals to calculate the injection delay time A 
Td(n). Buffering is started when the ON state (fall) of the 
command pulse to the injector 1 is detected. The end of 
the buffering is determined beforehand so that the time 

10 it takes to confirm a reduction and vibrations of the com- 
mon rail pressure Pf can be secured. That is, the buff- 
ering end timing is determined beforehand with experi- 
ments considering variations of the injection delay time 
and of the common rail pressure reduction. 

75 

(1 ) A check is made to see if a flag (Flag 1 ) is set 
indicating the data is being buffered (step S30). If 
the data is being buffered, the program moves to 
step S34. If not, the program moves to step S31 . 

20 (2) If the data is not being buffered, the edge of the 
command pulse for driving the solenoid of the injec- 
tor 1 is detected (step S31 ). When the edge of the 
command pulse is detected, the program proceeds 
to S32. If not, the program terminates the 1 00-kHz 

25 interrupt processing. 

(3) Because the edge of the command pulse is de- 
tected, i.e., it is found that the injection command 
signal has been output, the flag (Flag 1 ) is set (step 
S32). 

30 (4) A cylinder number for which the detected com- 
mand pulse to the injector was destined is retrieved 
(step S33). The cylinder number n is stored in mem- 
ory during the cylinder determination signal inter- 
rupt processing in Figure 3. 

35 (5) The data is being buffered and the flag (Flag 1 ) 
is already set; or the common rail pressure Pf is 
buffered as data [Data (i)] from the moment when 
the edge of the command pulse was detected (step 
S34). 

40 (6) A check is made to see if the number i of data 
on the common rail pressure Pf is equal to or larger 
than the required number Ts (step S35). When the 
number i is less than the required number Ts, the 
program returns to step S30 to continue retrieving 

45 data. If the number i has reached the required 
number Ts, the program proceeds to step S36 and 
ends the buffering processing. The required 
number Ts is set to a number that can cover the sev- 
eral times the maximum value of the injection delay 

so time A Td because the variation of the injection de- 
lay time A Td is within a fixed range. 
(7) The data buffering processing clears the flag 
(Flag 1) (step S36), clears a buffering counter i in- 
dicating the data number (step S37), and sets a da- 

ss ta buffering end flag (Flag 2) (step S38). 

[0039] Further, the calculation of the injection delay 
time A Td from the buffered data of common rail pres- 
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sure Pf will be described by referring to the flow chart of 
Figure 6. 

(1 ) Because the retrieved data of the common rail 
pressure Pf contains noise, the data is subjected to 
filtering such as a running mean processing (step 
S40). 

(2) The common rail pressure Pf is time-differenti- 
ated to obtain a pressure variation (step S41 ). Be- 
cause the data of the common rail pressure Pf are 
discrete data that vary over time, the differential of 
the common rail pressure can be calculated by us- 
ing a difference between adjacent data values. 

(3) Because a group of data begins to be retrieved 
upon detection of a fall of the command pulse, the 
data obtained within a certain period A Ta of the 
head of the data string represents the common rail 
pressure Pf that has yet to start falling. The data 
during this period are averaged to determine an av- 
erage pressure Pa before the start of injection (step 

542) . The period A Ta is set as a duration in which 
the common rail pressure PI has yet to start falling 
and the injection delay time A Td has variations 
within a fixed range. Hence, it is desired that the 
period A Ta be set so as not to fall within this varia- 
tion range. 

(4) A timing T 4 after the common rail pressure Pf 
has started falling at which the common rail pres- 
sure takes a first minimal value is determined (step 

543) . The timing T 4 can be determined as a moment 
when the time-differential calculated by step S41 
first changes from a negative to a positive value. 

(5) In the period ranging from the head of the data 
to the timing T 4> the timing T 3 at which the time-dif- 
ferential exhibits a minimal value is determined 
(step S44). The timing T 3 represents an instant (a 
point of inflection) at which the fall of the common 
rail pressure Pf is greatest. 

(6) A first-degree regression calculation is per- 
formed based on the times of several points around 
the timing T 3 and the data at these times to deter- 
mine a straight line Ld (one-dot line in Figure 1 ) ap- 
proximating the falling curve of the common rail 
pressure Pf at the timing T 3 (step S45). This approx- 
imating straight line is equal to a tangent at the point 
of inflection on the common rail pressure curve. 

(7) The timing T 2 at an intersection between the 
straight line Lp representing the average pressure 
Pa before the start of injection (indicated by one-dot 
line parallel to the time axis in Figure 1) and deter- 
mined by step S42 and the approximating straight 
line Ld determined by step S45 is calculated (step 
S46). The timing T 2 is regarded as an instant at 
which the common rail pressure starts to fall. 

(8) The injection delay time A Td(n) is calculated 
from the following equation (step S47). 



A Td(n) = f(T 2 , n) 

[0040] The A Td(n) is calculated by substituting actual 
5 values obtained from the above steps into the predeter- 
mined function f having as variables the timing T 2 at the 
intersection between the line Lp and the approximating 
line Ld and the cylinder number n. As the timing T 2 is 
delayed, the actual fuel injection starting tends to be de- 
10 layed. It should also be noted that the injection delay 
time A Td(n) is greater for a cylinder number n whose 
location is farther away from the pressure sensor pro- 
vided in the common rail. In addition to the timing T 2 and 
the cylinder number n, the differing common rail pres- 
15 sures Pf before starting to fall are also considered to 
affect the injection delay time A Td(n) in accordance with 
differing pressure propagation speeds. 
[0041] As described above, while the example em- 
bodiment has shown the changing values of command 
pulse, fuel injection rate and common rail pressure with 
respect to time, these values may be related to any ref- 
erence quantity other than time, such as crank angle, 
as long as the reference quantity virtually represents 
time. Furthermore, although a first-degree regression 
line is used for approximation of the common rail pres- 
sure falling curve, a higher degree approximation curve 
may also be used. 



1. A fuel injection method for engines comprising the 
steps of: 

storing fuel delivered by a fuel pump(8) in a 
common rail(2); 

injecting the fuel from the common rail(2) into 
combustion chambers through nozzle holes 
formed in injectors(l) driven by an injection 
command signal; 

selecting a basic target injection timing(Tb) cor- 
responding to a present engine operating state 
from among predetermined basic target injec- 
tion timing(Tb) data as related to engine oper- 
ating states; 

determining, by using a predetermined function 
having as variables at least a timing(T 2 ) after 
the start of fuel injection at which the common 
rail pressure(Pf) starts to fall, an injection delay 
time (ATd) that elapses from an output tiding 
(T 0 ) of the injection command signal to a fuel 
injection tiding(T 1 ) at which the fuel injection 
from each of the injectors (1) is started; and 
determining the output timing(T 0 ) of the injec- 
tion command signal from the basic target in- 
jection timing (Tb) and the injection delay the(A 
Td). 
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2. A fuel injection method for engines according to 
claim 1, wherein using a graph with time and the 
common rail pressure(Pf) as coordinate axes, the 
timing (T 2 ) at which the common rail pressure(Pf) 
starts to fall due to fuel injection is determined as a 
time coordinate of an intersection between a 
straight line(Ld) approximating a common rail pres- 
sure^) falling curve before reaching a first minimal 
value and a straight line(Lp) approximating the 
common rail pressure(Pf ) before the start of the fuel 
injection. 

3. A fuel injection method for engines according to 
claim 2, wherein the common rail pressure(Pf) ap- 
proximating straight line(Lp) before the start of fuel 
injection is determined as an average value(Pa) of 
the common rail pressures(Pf) in a predetermined 
period ranging from the output timing(T 0 ) of the in- 
jection command signal to a point before the timing 
(T 2 ) at which the common rail pressure(Pf) starts to 
fall. 

4. A fuel injection method for engines according to 
claim 1 , wherein two or more of the injectors(1 ) are 
provided and, for each of the injectors(1) : the injec- 
tion delay time (A Td) ranging from the output tiling 
(T 0 ) of the injection command signal to the fuel in- 
jection timing(T 1 ) is determined and the output tim- 
ing(T 0 ) of the injection command signal is deter- 
mined. 

5. A fuel injection device for engines comprising: 

a common rail(2) to store fuel delivered by a 
fuel pump(8); 

injectors(1 ) having nozzle holes formed therein 
through which the fuel supplied from the com- 
mon rail(2) is injected into combustion cham- 
bers; 

operating state detection means to detect the 
operating state of the engine; 
a pressure sensor(1 3) to detect the pressure of 
the common rail(2); and 
a controller^ 2) to output an injection command 
signal to each of the injectors(l) and select a 
basic target injection timing(Tb) corresponding 
to a present engine operating state from basic 
target injection liming(Tb) data; 
wherein the controlled 12) determines, by using 
a predetermined function having as variables 
at least a timing(T 2 ) after the start of fuel injec- 
tion at which the common rail pressure(Pf) 
starts to fall, an injection delay time (A Td) that 
elapses from an output timing(T 0 ) of the injec- 
tion command signal to a fuel injection timing 
(T.,) at which the fuel injection from each of the 
injectors(l) is started, and also determines the 
output timing(T 0 ) of the injection command sig- 



nal from the basic target injection timing (Tb) 
and the injection delay time(A Td). 

6. A fuel injection device for engines according to 
5 claim 5, wherein, using a graph with time and the 

common rail pressure(Pf) as coordinate axes, the 
controlled 12) determines the timing(T 2 ) at which 
the common rail pressure(Pf) starts to fall due to fuel 
injection as a time coordinate of an intersection be- 
io tween a straight line(Ld) approximating a common 
rail pressure(Pf) falling curve before reaching a first 
minimal value and a straight line(Lp) approximating 
the common rail pressure(Pf ) before the start of the 
fuel injection. 

15 

7. A luel injection device for engines according to 
claim 6, wherein the controller(12) determines the 
common rail pressure(Pf) approximating straight 
line(Lp) before the start of fuel injection as an aver- 

20 age value(Pa) of the common rail pressures(Pf) in 
a predetermined period ranging from the output tim- 
ing (T 0 ) of the injection command signal to a point 
before the timing (T 2 ) at which the common rail 
pressure(Pf) starts to fall. 

25 

8. A fuel injection device for engines according to 
claim 5, wherein the controlled 12) determines, for 
each of the injectors(l), the injection delay time (A 
Td) ranging from the output timing(T 0 ) of the injec- 

30 tion command signal to the fuel injection timingfT.,), 
and the output timing(T 0 ) of the injection command 
signal. 
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